Laboratory and field culture experiments have been carried out at two sites which show that temperature and soil moisture significantly affected nitrogen mineralization in the soil in a tobacco field. Intermittent leaching under aerobic incubation conditions was adopted to develop dynamic simulation models of organic nitrogen mineralization under different temperature regimes (10, 15, 20, 25, 30, 35, 30, 25, and 20 °C) and soil gravimetric moisture content (0.1, 7%, 13%, 20%, 27%, 33%, 40%, 47%, and 53%). The results show that the highest N mineralization rate appeared at 35 °C and the lowest was 10 °C. Soil N mineralization rate, as affected by soil moisture, is a single peak curve with a peak at 40%. The interaction of temperature and moisture on soil N mineralization is significant. Based on the results of a field trial, the combined model given by governing equation: 
good (Stanford and Smith 1972) . As a result of this, a number of equations describing N mineralization processes have been proposed by different researchers. In addition, some studies suggest that N mineralization can also be fitted with parabolic equations (Broadbent 1986 ), linear equations, or hyperbolic equations (Juma et al. 1984) . However, the parameters in these equations are obtained from laboratory incubation studies under optimal temperature (35 °C) and soil moisture conditions (usually field capacity), which could not represent soil N mineralization process under field conditions of frequent fluctuations in temperature and dry-wet cycles (Carpenter-Boggs et al. 2000) . The strategy of in situ incubation under field conditions was to truly represent soil N mineralization dynamics (Raison et al. 1987) .
In view of the significant influence of soil N mineralization from environment, the factors of temperature and moisture content have also been applied in equation development, which are reflected by the potentially mineralizable N or mineralized N in situ. 
Materials and Methods

Site description
The study area (26° 21'-27°46'N, 105° 36'-106°
43'E) is located in Bijie city, Guizhou Province, in the south-west of China.
This area has a typical north sub-tropical humid monsoon climate with an annual mean temperature of 13.6 °C; the highest and lowest temperature (31.2°C
and -7.4 °C) occur in July and January, respectively. 
Field trial
Three replicates were established at each site. The soil samples were collected at 0, 1, 2, 3, 5, 7, 9, 11, 13, Simultaneously, the soil moisture content, basic properties (Table 1) , and daily mean temperature were also determined; (ii) the second was placed in a sealed bag. Choosing one of the three sampling sites, the sealed bag was buried in a 0-15 cm deep soil layer. Then, keeping the bag open to the outside air with a plastic hose, after one week of field culture, the bag was removed, and the contents of NO 3 --N and NH 4 + -N in the soil samples were determined.
Laboratory temperature trial
This experiment was carried out indoors under varying temperature and intermittent leaching by aerobic incubation method (Stanford and Smith 1972) . We 
Chemical analysis and calculation of N mineralization
Soil organic matter was determined according to Walkley and Black (1934) 
Statistical analysis
The data in the tables and figures are expressed as the means of all replicates ± S.D. Data were statistically analysed by ANOVA using SAS Version 9.3 (Statistical Analysis System Institute Inc., Cary, NC, USA).
The statistical significance between mean values was compared using Duncan's multiple range test (P < 0.05). A non-linear regression analysis was implemented to determine model parameters.
Model description
To simulate the mineralization process of soil N under different temperature conditions, three soil mineralization models were used in this study:
In the one-pool model (OPM) (Stanford and Smith 1972) , N is the cumulative mineralization (mg kg -1 ), N0 the mineralization potential (mg kg
), k1 is the first-order reaction rate, and t is the time elapsed (day).
For the logistic curve (Cabrera 1993) , N is the cumulative mineralization, and a and b are constants.
In the effective accumulated temperature model (TAM) (Wu et al. 2008) , T is the base temperature (°C), T 0 is the instantaneous temperature, and n is a model parameter. Myers et al. (1982) established the water effect equation for soil N mineralization by studying the relationship between soil N mineralization and water content:
Ɵo is the soil moisture when the soil water potential is 4.0 MPa, Ɵ max is the soil moisture content at the maximum N mineralization). Since this experiment involves the interaction of soil moisture and temperature, the water effect equation is slightly modified:
Ɵ is the soil moisture, k is a constant, and n is a model parameter.
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•wk), and the lowest was at 10 °C. With increasing temperature, the soil N mineralization rate at the two sites showed an upward trend; after reaching 30 °C, the rate was significantly reduced with decreasing temperature.
The temperature change meant that the highest soil N mineralization rate of SI increased by 288.2% compared with the lowest, and that of KI increased by 246.2%.
However, it is worth noting that soil N mineralization rates were different even at the same temperature but with different incubation periods, such as that at 30 °C (weeks 10 and 14), 25 °C (weeks 8 and 16).
Results
Dynamics of N mineralization under a variable temperature regime
In Figure 1A , the trend of soil N mineralization rates exhibited no significant difference across the two chosen sites. The mean mineralization rate of SI was 4.67
•wk), and that of KI was 4.31 (mg kg -1
•wk). The highest N mineralization rate of the two sites appeared at 35°C, with SI at 8.27 (mg kg -1
•wk) and KI at 6.44 (mg In Figure 1B , the trend of soil mineralized N accumulation at both sites was similar. At week 2 to week 8, the mineralized N accumulation of SI and KI increased slowly, then increased rapidly over weeks 10 to 14, and plateaued after 14 weeks. The total mineralized N accumulation of SI (42.08 mg kg -1 ) was higher than that of KI (38.85 mg kg -1 ), which was higher than that of KI at all stages of culture: this gap gradually increased over time.
Simulation of soil N mineralization under variable temperature regimes
The fitted results are shown in Figure 2 and Table   2 ; the model of effective accumulated temperature (TAM) has the best fitting effects for both experimental sites and the OPM was the worst. Therefore, it is better to describe the dynamic process of soil N mineralization under the influence of temperature with the effective accumulated temperature model given the scope of this experiment. 
Establishment of a dynamic model of soil N mineralization in a tobacco field
It was found that the interaction between temperature and soil moisture was significant through use of an interaction significance test. Therefore, temperature and moisture must be taken into account when constructing the soil N mineralization model in such situations. Based on previous experimental results, this study used a combination of equations (3) and
Where K, m, and n are constants; is the soil moisture content, Ɵ is the soil moisture content Ɵ max at maximum N mineralization, T is the base temperature, and T 0 is the instantaneous temperature. higher than that of KO, which may be due to the differences in organic matter content in the two test sites.
Dynamics of soil mineralized N accumulation during tobacco growth and its influencing factors
It can be seen from Table 3 that the temperature and soil moisture contents during field trials were constantly changing, so the soil N mineralization also changed ( Figure 5 ). Soil N mineralization was very low at the end of April to early May, there was even a net N immobilisation in mid-May. After the beginning of June, 
Model validation and model parameter determination
The data from field trials in Qixinguan and Jinsha were used to verify the fitting effect of equation (5) seen that, to reach the temperature of N net mineralization, the former required a higher temperature than latter. Through calculation, 13.2 °C was found to have been the base temperature at which the net mineralized N was generated, so T0 was 13.2 °C and T was the daily average temperature during field culture. According to the fitted results of soil N mineralization in these tobacco fields (Figure 6 ), the values of m and n could be taken as 0.1 and 0.5, respectively.
Discussion
The The effect of temperature on nitrification rate was greatest at 24 °C, moderate at 37 °C, and lowest at 18 °C (Thangarajan et al. 2015) . Xu et al. (2014) suggested that rates of N mineralization and nitrification were insensitive to temperature at lower temperatures (0 °C and 5 °C) but increased at higher temperatures (15 °C and 25 °C) . Sometimes, at extremely low temperatures, i.e., close to 0 °C, in non-growing seasons, higher N mineralization rates might occur due to lower N immobilisation of microbes .
Some studies suggest that the soil N mineralization rate in the function of soil nitrogen mineralization and temperature should be constant (Sierra 1997) , but others consider that soil N mineralization is nonlinearly related to temperature and should be described by an exponential function (Katterer et al. 1998) . The results in this study showed that the soil N mineralization rate fluctuated with temperature at both sites which confirmed the latter's view. The highest N mineralization rate appeared at 35 °C and the lowest at 10 °C. Sierra (Sierra 2002) shows that greater diurnal temperature changes can have an effect on nitrogen mineralization, but in the case of small daily temperature differences, the daily average temperature can also be However, combining fertilizer and organic residue inputs alter N transformations through an interactive effect of immobilizing fertilizer-N which decreased the mineral N pool (Gentile et al. 2008) . Hayne pointed out that the net N mineralization rate enhances with the increase in nitrogen fertilizer application, but this phenomenon is only temporary (Haynes 1999) . This study also demonstrate positive effects that a shortterm (5 year) pasture can have on soil organic matter quantity and quality and its attendant benefits on soil N mineralization and soil structure. Farmyard manure application and returning leguminous crop residue to the field can increase the soil organic nitrogen mineralization and leaching risk (Kayser et al. 2010) . Fertilization of mid-rotation in Pinus radiata plantations makes unexpected sustained growth responses for more than 6 years and volume gains of 25m 3 ha -1 and 50m 3 ha -1 in sandy and granitic soil. The study also found that the N soil availability increased for more than 6 years after fertilization and was equivalent to N uptake in the granitic and sandy soil (Ramirez et al. 2016) .
Based on the results of a culture experiment, we used equations (3) and (4) In this sense, the importance of the model predictions cannot be underestimated. In this study, the model assessment was conducted at only two sites and during one tobacco growing season. Recent studies (Santos et al. 2016) have shown that soil N mineralization has strong spatial variability, which may be caused by the available organic nitrogen pool and prevailing hydrothermal conditions. These are recommended as potentially fruitful avenues for future research.
Conclusions
Laboratory and field experiments have been carried out at two sites to show that temperature and soil 
